Background: Dermatoglyphics is widely used as a genetically determined trait in Anthropology. However, little is known about their pattern of inheritance due to lack of advanced statistical genetic model-fitting techniques despite the existence of advanced statistical packages.
INTRODUCTION
Dermal ridge patterns are permanently laid down during early fetal life in the third to fourth month of the gestation period. There is no postnatal change thereafter by environment or age factors throughout the life. Dermatoglyphic traits were found to be genetically determined and conservative in their evolution [1] . The family studies, in which segregation analysis is used, can provide the correct relationship between the genotype and phenotype. Several researchers who have used traditional methods of genetic analysis concluded that different genes are probably responsible for dermatoglyphic traits [2] [3] [4] . However, the conclusions from various studies are still contradictory [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . All the earlier studies were based only on the statistical application of familial correlation or regression between relatives; however, these methods are insufficient to detect the mode of inheritance of a trait. We know that genetic model-bound analyses of microevolutionary processes have contributed significantly to our understanding of the mechanism underlying human phenotypic traits, i.e., trait heritability, which represents the genetic variability associated with the phenotype [17] [18] [19] . Recently, several advanced statistical program packages with model fitting techniques have become available, which are very useful in complex segregation analysis to determine the effect of genes [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] . However, we still do not know the exact source of genetic regulation for dermatoglyphic traits due to the paucity of such studies. A few studies on palmar dermatoglyphics include segregation analysis [30] [31] [32] . Surprisingly, an inheritance model of dermatoglyphic traits has yet to be established [33] [34] [35] . It is well established that the relative contribution of genetic and environmental factors to phenotypic variation of dermatoglyphics may differ from population to population [1, 7, [36] [37] [38] [39] [40] [41] [42] . In view of the above ethnic diversity, it would be interesting to determine whether any similarity exists between the results of our previous studies on Indian populations and the present Chuvashian population from Russia. Furthermore, familybased studies on dermatoglyphics in the Chuvashian population are hardly available. Here, we report the results of modern techniques of segregation analyses (using various genetic models) of nuclear pedigrees from a rural Chuvashian population of Russia. Our main goal is to elucidate whether there exists any major gene effects on dermatoglyphic traits. In addition, we examine if there any variation / similarity when compared with other populations with respect to dermatoglyphic trait inheritance patterns.
MATERIALS AND METHODOLOGY

Subjects and Historical Background
The studied individuals within the Chuvashian population reside in several small villages along the Volga River in the Chuvasha area of the Autonomy of the Russian Federation. This population migrated to these regions during the 7 th and 8 th centuries. Ethnically, the Chuvashian population is of a mixed Caucasian origin and came into existence during the last quarter of the first millennium AD in the forested or hilly portions of the Volga riverside [43] . Their ancestors were most likely Bulgars from the Volga and Kama riversides, who intermarried with the local Finno-Ugric tribes [44] . This population is characterized by a demographically stable familial structure with traditional relations between family members. Their principal source of livelihood is agriculture and they share similar biotic and economic conditions, as well as professions, as is usual for rural communities. The Chuvashian families have lived under the same environmental conditions for several generations and thus were not exposed to any outside gene pool [45, 46] . The sample consists of 325 individuals from 104 families (92 parents and 233 offspring). All studied individuals were randomly selected through direct contact with all households who agreed to participate in the study. The data were collected by the joint expedition of the Department of Anatomy and Anthropology, Sackler Faculty of Medicine, Tel Aviv University, Israel and the Institute and Museum of Anthropology, Moscow State University, Russia for details, see [47] .
Print Analysis and Variables Used
Dermatoglyphic prints were collected according to the rolled print (inked) method of Cummins and Midlo [1] . The variables included 22 quantitative traits (12 finger ridge counts, 2 palmar a-b ridge counts, 3 pattern intensity indices (PII), 4 palmar main line (A and D) endings, and main line index (MLI)). However, for principal component analysis only 18 variables were used, because 4 traits, namely, MLI, PII (both hands), TFRC and AFRC were excluded since these traits are the sum of ridge counts, sum of palmar main lines, and sum of PII-left and right. Dermatoglyphic traits were evaluated, for the most part, by using the methods of Cummins and Midlo [1] , Holt [7] and Penrose [8] . The first author alone analyzed the whole dermatoglyphic prints to avoid any inter-observer errors.
Statistical Analysis
Z-Transformation
Each value of the dermatoglyphic traits was converted to Fisher's Z-transformation to normalize the data following Fisher [48] . The formula is Z = (Xi -X) / SD, where Xi, X, and SD are the individual measurements, average, and standard deviation for the trait, respectively. The transformed score has a mean of zero and a standard deviation of one. All other calculations are based on these transformed Zscores. Principal component analysis: By exploiting patterns in the genetic correlation matrix between the studied traits, principal factors were extracted following BMDP statistical software after Dixon [49] with varimax rotation of principal components. Factor scores were then computed for each individual of each pedigree sample. Familial correlations: To examine the potential familial aggregation, we carried out two types of correlations: (a) inter-class and (b) intra-class. Correlations between spouses and between parents and offspring as inter-class were computed by the Pearson productmoment correlations method. The correlations between siblings as intra-class were computed using the SPSS statistical package of Norusis [50] . Genetic model tests: Complex segregation analysis was carried out following Maximum Likelihood Methods by using the Package of MAN-5 version Malkin and Ginsburg [29] to evaluate the mode of inheritance. This program estimates the following parameters: P is the population frequency of the first of the two major alleles, A 1 and A 2 , μ g is the average trait value (genotype value) in all individuals having genotype g; g = 1, 2, and 3 corresponds to genotypes A 1 A 1 , A 1 A 2 and A 2 A 2 , respectively. The value 2 g is the trait variance in individuals having the same MG genotype g; it estimates the trait variability resulting from all possible environmental factors and minor genes influencing the trait value; , , and represent the partial correlation coefficients of non-MG residual of the trait between spouses, between parents and offspring, and between siblings, respectively. Correlation is due to common environmental factors shared by spouses, whereas the two other correlations can be caused both by the corresponding environmental factors and by minor genes affecting the trait, which are unidentified in the model. H 2 represents the proportion of the within-genotype variance attributed to polygenes for details; see Karmakar et al. [34] . The following genetic models have been tested:
1.
The General model (Free) assumes the existence of two alleles (A 1 and A 2 ) at a single autosomal locus affecting the studied traits. In this model, all the parameters are free from any restriction.
2.
The Mendelian model (Mixed) assumes Mendelian transmission with the assumption of the HardyWeinberg equilibrium; the probabilities of three putative genotypes in the populations are p 2 , 2pq and q 2 . The transmission probabilities of allele A 1 by the above corresponding genotypes are 1 =1.0, 2 =0.5, 3 =0.0, respectively. 3.
values equal to p regarding the hypothesis of nontransmission of the major gene effect; this was tested by constraining the parameters equal to the first allele frequency, p= 1 = 2 = 3.
4.
The Most Parsimonious Mendelian model (MP) was tested if the Mendelian model was accepted; then the following three sub-models were tested: dominant: μ A1A1 = μ A1A2 , additive: μ A1A2 = 0.5 (μ A1A1 + μ A2A2 ), and recessive: μ A2A2 = μ A1A2 ).
5.
The Arbitrary model was tested by estimating transmission probabilities with other model parameters.
6. The Environmental model assumes independence of offspring genotypes from the parental genotypes.
Since the selective effect of the three genotypes on the trait variation is not assumed, then 1 = 2 = 3.
Hypotheses 2-6 are the sub-models of the general model and thus were compared with this model. Model 4 is the submodel of the Mendelian model and therefore was tested against it. The differences in the log-likelihood values (LH) were distributed as 2 and the degrees of freedom (df) depend on the number of constraints imposed by the model. Since the method of pedigree collection for this study was in no way connected with the individual's dermatoglyphic traits, no ascertainment corrections of likelihood was made (for a detailed description of the models, see Ginsburg and Livshits [28] .
RESULTS
Principal Component Analysis (PCA)
Eighteen quantitative dermatoglyphic traits were selected for PCA; the results are presented in Table 1 . Clear separations of dermatoglyphic variables into three factors are easily interpretable. Factor 1 alone accounted for about 30% of the total variation, whereas Factor 2 and Factor 3 explained approximately 10% each. We retained the factor loading and the respective scores for the first three factors, which jointly accounted for more than 50% of the total variation. Factor 1 explained the finger ridge counts and the pattern intensity index (PII); it can serve as an indicator of the finger pattern intensity correlated with the size of the finger ridge count of the individuals. Factor 2 described the variance of the palmar main line terminations, which represent the palmar pattern intensity of the individual.
Factor 3 is a clear a-b interdigital ridge count factor and determines the ridge count size in the corresponding areas of the individual palm. Table 2 provides correlations between spouses, between parent-offspring, and between siblings.
Familial Correlations Based on Individual Traits
The parental correlations are low values nearly zero; some are even negative and non-significant (p> 0. Table 3 presents the results of familial correlations of three factors: between spouses, between parent-offspring, and between sib-pairs. A similar trend was observed as found correlations based on each dermatoglyphic trait separately ( Table 1) .
Familial Correlations Based on PCA
The correlation between spouses is negligible, indicating no assortative mating in the studied population. There is no striking difference in the correlation values between other parent-offspring and sib-pair correlations except Factor 3 for sib-pair correlations, which differed non-significantly (p> 0.05).
Segregation Analysis Based on Factors
Based on the three factors, we carried out segregation analysis. We applied six genetic models and made comparisons in order to choose the best fitting model between (a) the General model with the Mendelian, Environmental, MP, and Arbitrary models, and values equal to P and between (b) Arbitrary with MP and values equal to P. 
DISCUSSION
Principal Component Analysis
The structure of the factor depends upon the variables used in the analysis. Therefore, the results of only a few studies are in agreement with the present findings. Comparison of the present results with earlier studies was not possible because the different analyses were based on different sets of variables: Froehlich [51] , in the Melanesian population sample, and Chopra [52] , in the German family material, obtained three factors, as found in our present study. Roberts [10] reported Factor 1 for finger patterns in the English sample; Das Chaudhuri and Chopra [53] , in comparing 100 Andhra families, also reported factors 1, 2, and 3, as we also observed in the present study. However, a general factor (Factor 1) was missing in the analysis of Knussman [5] and in Jantz and Owsley's [3] study; perhaps this discrepancy was due to the different sets of variables included in the analysis. The present findings support earlier suggestions [5, [51] [52] [53] that finger and palmar variables are controlled by independent factors because in palmar variables a general factor has not been identified. Palmar variables are composed of different factors, unlike finger ridge counts (Factor 1), and these are for main line termination (Factor 2) and for the a-b ridge count (Factor 3). Factor 1 supports the hypothesis of Butler's field theory [54] that each finger is a discrete part of a digital complex comprising ten fingers and not a separate unit acted on independently by the genes involved. Roberts and Coope [55] as well as Jantz and Owsley [13] also support this field theory for their results of factor analysis on dermatoglyphic data. Our present findings fully Parameter constraints: ! Parameter is equal to parameter above specified in parentheses; [] parameter was fixed to the specified value; + parameter achieved the limit of the valid range. In the 2 row the digit in parentheses specifies the number of model for LRT comparison. support this field theory. The three factors of the present study are exactly the same as our previous findings [5] of five Indian populations, which suggest that the internal structure of the dermatoglyphic variables represented by the factors are common irrespective of different ethnic/ geographical populations.
Familial Correlations Based on Individual Traits
The spouse correlations exhibit low values and some are even negative (p> 0.05); indicating the absence of assortative matting in the studied population for 22 dermatoglyphic traits ( Table 1) . It is evident that the strength of correlations of different traits is different, perhaps due to genetic interaction with the environment and thus certain dermatoglyphic characters revealed highly heritable than some other dermatoglyphic traits. There is no striking difference in the correlation values of the three kinds of parent-child combinations, but these correlations are positive and significant, with few exceptions. These results suggest the strong involvement of family factors (presumably genetics) in determining the variation of dermatoglyphic traits, which was supported by several earlier studies on family resemblance [4, 5, 7, 9, 33, 53, [56] [57] [58] . Similar results also appear from family correlations based on factors ( Table 3) . Falconer [59] indicated that the correlations between genetically related individuals are significantly different, which is fully supported by our present results. The correlation values are slightly lower than the theoretical value (0.5) in the case of parent-offspring and sib-sib pairs. However, none of these correlations is significantly different from the expected value.
Segregation Analysis Based on Factors
The goal of the present report is to use family data to identify Mendelian mechanisms with respect to dermatoglyphic traits. Unfortunately, the existing information is very limited [33, 5] . Therefore, we are unable to provide an accurate explanation of our present results compared with the earlier studies. We can only discuss here the results of our comprehensive analyses. Two traditional criteria are required to derive a major gene effect. (1) The environmental hypothesis must be rejected with a chi-square test in which p<0.05, indicating that the general model fits better than the environmental hypothesis. (2) The Mendelian hypothesis must be accepted with a chi-square test in which p>0.05, indicating that the general model does not fit significantly better than the Mendelian hypothesis. Evidence of a major gene effect (the Mendelian model was favored) was found for Factor 1 and Factor 2 where the environmental model was strongly rejected. However, in analyzing Factor 3 ( Table  6) , we were not able to reject either the Mendelian model (p=0.066), or the Equal values or the Environmental model (p=0.086). Thus, the major gene assumption was not accepted for this trait. This result fully supports our earlier findings [5] involving five Indian populations. Earlier investigations support polygenic effects on the a-b count trait [30, [60] [61] [62] [63] attempted to test both polygenic and major gene effects on a-b ridge count with Brazilian families, but they were unable to draw any conclusions between Mendelian transmission and the lack of transmission models. Therefore, hypothesis of an accident occurring in the developmental process of a-b count has to be investigated further. Our present result is in good agreement with the results and interpretation of segregation analysis on a-b ridge count [30, 34] .
CONCLUSION
Major gene involvement with Mendelian expectation regarding finger dermatoglyphics is confirmed for all analyzed traits. However there is no evidence of significant support for major gene effect or environmental effect on palmar a-b ridge counts.
